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bacterium Bacillus thuringiensis, which produces a toxin that is deadly
to mosquitoes and black flies. Other microorganisms perform their
functions within animals. For example, ruminants can consume forage
because it is fermented by microbes in their digestive tracts. It is even
possible that the genetic engineering of these microorganisms could
give animals the ability to digest foodstuffs that are now useless to
them.

The Genetic Engineering of Plants

A more direct way to enhance the productivity of agriculturally
important plants and animals is to alter the DNA that dictates their
characteristics. At the most basic level, this is what plant and animal
breeders have been doing since the dawn of agriculture. In recent
decades, plant and animal breeders have developed sophisticated
techniques to transfer traits among organisms that can interbreed.
They have also developed a host of supporting technologies, such as cell
and tissue culture, embryo transfer, and artificial insemination, that
facilitate these basic genetic manipulations. In this sense, genetic
engineering will be building on a base of experience and expertise that
has accumulated over centuries. But at the same time it will offer
capabilities that have never before been available.

According to Monsanto's Ernest Jaworski, three things are needed
for the genetic engineering of plants: a host cell or tissue, a vector to
transfer DNA into the host, and the segments of DNA that are to be
transferred.

Protoplasts have been a popular choice for hosts in the genetic
engineering of plants. Protoplasts are cells taken from the leaves,
stems, or roots of a plant that have been exposed to enzymes that
dissolve the cells' tough outer walls. The "nakedness" of these cells
makes it much easier to introduce DNA into them.

The use of protoplasts as hosts is critically dependent on their ability
to give rise to whole plants, a characteristic known as totipotency.
Through exposure to the proper nutrients and plant hormones,
protoplasts can be induced to regenerate cell walls and undergo cell
division to form an undifferentiated mass of callus tissue. In some
cases, this callus tissue can then be induced to differentiate into shoots,
roots, or entire plants. However, it is not yet possible to regenerate
whole plants from callus tissue for most of the agriculturally important
food crops, and the factors controlling this process are still poorly
understood.

Once a protoplast host has been prepared, foreign DNA can be